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LIGHT ABSORBING IMPURITIES
IN SNOW AND ICE



What is ‘radiative forcing’ from dust on snow?

Direct effect: Absorption of solar
irradiance by absorbing
Impurities.
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What is ‘radiative forcing’ from dust on snow?

Direct effect: Absorption of
solar irradiance by absorbing
Impurities.
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fe=250 um

1st feedback: Enhanced ¢=1000 um

absorption by larger snow
grains - attributed to the direct
effect.
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What is ‘radiative forcing’ from dust on snow?

Direct effect: Absorption of solar
irradiance by absorbing
impurities.
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1st feedback: Enhanced
absorption by larger snow grains
attributed to the direct effect.
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2nd feedback: Enhanced
absorption of solar irradiance by 4 06 08 10 12 14
darker substrate, exposed earlier Wavelength (um)
because of direct effect and first

feedback.




What controls snowmelt?

netsolar  netlongwave  sensible latent net flux

13-15 °C

max °
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The How of Dust Radiative F'Orcing

April, 2009

May, 2009

Dust decreases snow albedo
(reflectivity)

Dust deposition comes generally

~in the spring (Neff et al, 2005)

- solar irradiance is
increasing

- snowpack is warming

Dust generally accumulates in
surface layers and is not

entrained in melt - therefore,
the surface continues to darken |




Black Carbon
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We propose that the combined warming trend of 0.25 K per decade
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1 . 4-6
V. RAMANATHAN' AND 6. carmicy, FTimalayan glaciers™®.

1Scripps Institution of Oceanography, University of California at San Diego, field observations and satellite data®'®. Single-particle mass
9500 Gilman Drive, #0221, La Jolla, California 92093-0221, USA; spectrometer data reveal that BC is intemally mixed with other
2College of Engineering, University of lowa, lowa City, lowa 52240, USA aerosol species such as sulphates, nitrates, organics, dust and sea




Alaska glaciers




Antarctic Peninsula

20th-Century doubling in dust archived in an
Antarctic Peninsula ice core parallels climate
change and desertification in South America
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Fig.2. Monthly averaged aluminum and aluminosilicate dust concentration
(A) and flux (B) from 1832 to 1991 measured in James Ross Island ice cores. The

heavy red line shows annual averages. Aluminosilicate dust was computed
f from the aluminum measurements by using the mean crustal abundance by
mass of 8.04%.




Caucasus Mountains

ATMOSPHERIC DUST CONTENT AS A FACTOR
AFFECTING GLACIATION AND CLIMATIC CHANGE'

F. F. DAVITAYA
Academician F. F. Davitaya, Director, Vakhushti Institute of Geography,
Academy of Sciences of the GSSR, Thilisi, Georgia, USSR

Visiting Professor, Department of Geography,

University of Wisconsin-Milwaukee
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Indian Himalava

MODIS True Color Image
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ARTICLES

Increasing eolian dust deposition in the
., western United States linked to
" human activity
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CASE STUDY: THE MARTIAN
WINTER OF 2009 IN THE UPPER
COLORADO RIVER BASIN



Silverton, CO
April 3, 2009




Goodwin-Greene Hut

near Aspen
April 3, 2009




April 3

March 29

March 22



Senator Beck Basin: 3/22, 3/29, 4/3, 4/8, 4/15 layers — 2009
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Earth Observatory

Home Image of the Day Feature Articles News Natural Hazards Global Maps Blogs

Dust Accelerates Snow Melt in San luan Mountains
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Earth Observatory

Home Image of the Day Feature Articles News Natural Hazards Global Maps Blogs

Dust Accelerates Snow Melt in San Juan Mountains

download large image (4 MB, JPEC)
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DUST SOURCES



Dust Sources Are Regional
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Contemporary geochemical composition and flux of aeolian dust
to the San Juan Mountains, Colorado, United States
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Dust Sources Are Regional

Aqua-MODIS O 008 2035-Z 500m Dust NRL Monterey
Pink=Possible Dust, Red-Side of Line Over Water (Sunglint Zone)=True Color
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Undisturbed
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Silt/clay Loam Fine sandy loam

Desert surfaces are commonly armored by crusts

Most surfaces have very low dust emissions until
crusts are disturbed

When disturbed, sediment production increases
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Response of Colorado River runoff
to dust radiative forcing in snow

Thomas H. Painter*®!, Jeffrey S. Deems?, Jayne Belnap®, Alan F. Hamlet!, Christopher C. Landry

2Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109; bJoint Institute for Regional Earth Syste
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Administration Western Water Assessment, Boulder, CO 80309; ®United States Geological Survey, Southwest Biological Cen
University of Washington, Department of Civil and Environmental Engineering, Seattle, WA 98195; and “Center for Snow
Silverton, CO 81433

Edited by Peter H. Gleick, Pacific Institute for Studies in Development, Environment, and Security, Oakland, CA, and approv
review November 12, 2009)

The waters of the Colorado River serve 27 million people in seven  through dust’s direct absorption and
states and two countries but are overallocated by more than 10% ___accelerated snow metamorphism. P
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¢« Increases in dust Ioadlng and radlatlve
- forcing in the Upper Colorado River Basin
;j has led to:

Discharge (BCM/day)

3 week earlier peak runoff
3-8% annual loss of total runoff

pd

Runoff at Lee’s
Ferry, Arizona
on the
Colorado River

— Current

W= Before
disturbance
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Controls on the interannual variability of the
snowmelt runoff hydrograph?

140 160
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Mean hydrograph derivative (m3/(s*day))

Mean hydrograph derivative (m?/(s*day))
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Satellites providing Snow Products

Terra

Aqua

NPOESS
Preparatory
Project (NPP)
- Suomi

Landsat Data
Continuity Mission
(LDCM)
(launch February
2013)

MODerate Resolution Ima%ing
Spectroradiometer (MODIS)

500 m spatial resolution
~daily temporal resolution

MODerate Resolution Imaging
Spectroradiometer (MODIS)

500 m spatial resolution
~daily temporal resolution

Visible Infrared Imaging Radiometer
Suite (VIIRS)

750m spatial resolution
~daily temporal resolution

Operational Land Imager (OLI)

30 m spatial resolution
16-day temporal resolution
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MODIS DUST RADIATIVE FORCING
IN SNOW (MODDREFS) MODEL
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Radiative forcing by light absorbing impurities in snow
from MODIS surface reflectance data
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Satellite Derived versus Tower Measurements of
Dust Forcing

Senator Beck Basin Study Area

MODDRFS retrievals < 30° sensor zenith vs. SBBSA
retrievals at time of MODIS overpass.
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Impact of dust radiative forcing in snow on accuracy of operational runoff forecasting in the
Upper Colorado River Basin

Ann C. Bryant'", Thomas H. Painter?, Jeffrey S. Deems*#, and Stacie M. Bender®
! Department of Geography, University of Utah, Salt Lake City, UT

2 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA
3National Snow and Ice Data Center, Boulder, CO

*NOAA Western Water Assessment, Boulder, CO
>NOAA/National Weather Service Colorado Basin River Forecast Center, Salt Lake City, UT

CASE STUDY OF MODDREFS
APPLICATION
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* This research characterizes the SNOW-17 / SAC-
SMA error between 2000 — 2010 for 4 forecast
gauges in southwestern Colorado and uses
traditional error indices and graphical analysis to
demonstrate how it is related to dust forcing.
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SNOW-17 / SAC-SMA
underestimates streamflow
in years with heavy dust
loading to the snowpack.

Observed and simulated streamflow:
Uncompahgre above Ridgeway
March 1st — August 1st, 2000 - 2010




We compared mean melt period
dust forcing to:

Y1 - Snowmelt Pulse A
Y2 - Center of Mass A**
Y3 - Snowmelt Duration A
Y4 - Percent Bias**

Y4 - Relative Mean Error**

** significant at a=0.01
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Summary

» Absorbed sunlight controls snowmelt

* In some settings dust absorption of sunlight
exceeds warming in acceleration of snowmelt

* Dust radiative forcing in snow is a global
phenomenon

» MODDREFS provides the first retrieval of
radiative forcing by LAl in snow

* MODDREFS retrievals can improve climate and
water science as well as operational forecasts



Next week

* Processing of MODSCAG, MODDREFS
hroducts at NASA JPL

* Use of the JPL Snow Data Server

* Accessibility of products



